The objective of the proposed work is to study wave evolution in cohesive sedimentary environments, toward the development of an effective, stochastic model for wave dissipation in these environments. The project will focus on prediction of surface wave evolution over relatively large spatial scales (spatial scales of 100 wavelengths), intermediate-depth to shallow water.
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Sheremet and Kaihatu carry out the theoretical and numerical work. Stone oversees the operation of WAVCIS and tasks pertaining to it. Sheremet is responsible for data analysis.
WORK COMPLETED
The main effort has been directed in the first year toward the identification of dominant dissipation mechanisms, especially those active in the higher frequency bands of the wave spectrum, which are not understood. Our observations suggest that sediment re-working might play a role, but lacked sediment concentration data necessary to make a convincing case. A substantial effort has been dedicated during the first year of the project to deploying additional instrumentation for monitoring sediment content in the water column, and integrating it into WAVCIS data stream. Three turbidity meters (OBS -optical backscatter sensors, temperature and salinity sensors) have been deployed at WAVCIS station CSI 3 (muddy bottom) at the provisional locations of 1.5, 2.5 and 3.5 meters above the seabed. Another two are in the process of being deployed at CSI 5 (primarily sandy bottom). CSI 3 is located on the 5 m isobath on the muddy inner shelf off western Louisiana and CSI 5 is located at approximately the same depth but on a sandier bottom 150 km to the east (Figure 1 ). The sensors are operational, and data are reported every hour. Sediment resuspension levels at 1.5 m above the bottom are well correlated with swell; the higher layers show an increase of turbidity only at the peak of the storm (compare with Figure 1a ), when the signal from the two upper layers are almost identical. The most remarkable element in these plots, however, is the processes taking place in the wake of the storm. The turbidity in the upper layers drops back to normal levels, approximately at the same rate as the decrease in swell energy. In contrast, turbidity in the bottom layer increases in a spectacular fashion, beyond the saturation levels of the bottom sensor (over 1500 NTU, for an approximate 36-hour period). This suggests the formation of a fluid mud layer by settling of suspended sediment, an effect that has been observed before (Allison et al. 2000 , with concentrations up to 25 g/l), but at a much coarser time resolution. The formation of the high-turbidity bottom layer is associated with a marked decrease in both swell and sea energy at CSI 3 (Figures 2b and 2c ). These observations support the assumption that short wave attenuation mechanisms are strongly connected to sediment re-working.
The turbidity sensors are still in a testing stage, with data continuously monitored to investigate an optimal location for the sensors (e.g. Figure 2 suggests that 0.5, 1 and 2 m heights above the sea bed might be a better choice). Procedures are under development to calibrate the sensors and, using water samples, derived from turbidity density and concentration information. Complete datasets of current, wave, sediment and atmospheric conditions are archived continuously.
A number of numerical experiments have been conducted using SWAN, to assess the degree to which dissipation mechanisms already implemented in the model could represent observed wave attenuation processes. The exercise consisted essentially of artificially increasing the value of the bottom friction coefficient The JONSWAP dissipation formulation used in SWAN (Hasselmann et al. 1973 , Collins 1972 , Bows and Komen 1983 , Madsen et. al 1988 , is similar to Putnam and Johnson (1949) , cited in Lee (1995) . An example of numerical results for spectral evolution at station CSI 3 are given in Figure  3e , side by side with observations (Figure 3b ), for a friction coefficient value of 0.08 (SWAN default value is 0.067). The same value of bottom friction is assumed for the entire computational domain. Increasing the friction coefficient has the effect expected from a long-wave -based formulation: long waves are strongly dissipated, while the short wave band shows very little change. Increasing the values further completely wipes out the low frequencies with a slowly increasing effect on short waves. The highest frequencies remain essentially unaffected. A friction-based wave dissipation module does not account for the full physics of mud-induced wave attenuation.
Guided by preliminary results from observations and numerical tests, preliminary work has started in the development of a spectral formulation for surface wave propagation over a two-layered fluid (a water layer with low mud concentration, on top of a thin fluid-mud layer). The fluid mud layer is assumed Newtonian (concentrations of up to 1 g/l). The model is a generalization of the linear model of Dalrymple and Liu (1978) , with extensions by Ng (2000) , and uses the formulations of Kaihatu and Kirby (1995) and Agnon and Sheremet (2000) (mild slope equation formalism). The dispersive models are chosen primarily because the high frequencies of interest are far beyond the capabilities of formulations based on standard Boussinesq models (Freilich and Guza 1984) and quite possibly even extended Boussinesq models (Madsen and Sørensen 1993) . At present, the model assumes a mud state apriori (e.g. vertical distribution of mud, thickness of mud layer).
IMPACT/APPLICATIONS
Much of the present and near-future Navy capability in predicting regional and nearshore processes assumes a sandy, non-cohesive sedimentary environment. The present research enhances this capability by identifying processes and developing mechanisms, which would allow expansion of Navy modeling activities into areas of non-sandy and/or cohesive bottom sediment composition.
RELATED PROJECTS
In FY04, the Marine Geosciences Division of the Naval Research Laboratory will begin work on a large, multi-year Research Option project entitled "Coastal Dynamics of Heterogeneous Sedimentary Environments" (PI: Dr. K. Todd Holland). We intend to collaborate closely with NRL scientists in this work. Details of the project can be found at: http://www7440.nrlssc.navy.mil/littoral%20dynamics/CDHeteroEnviro.html
